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ABSTRACT

In milk production, the most significant portion of costs is related to animal feed. Therefore, to reduce the
final price of milk, it is essential to use rations with the lowest possible cost. In this study, to formulate an
optimal ration based on 2024 data from Sistan dairy farms, three methods were employed: simple linear
programming, goal programming, and fuzzy-goal programming. The model was optimized for four differ-
ent groups: fresh cows, low-yielding cows, mid-yielding cows, and super-yield cows. Additionally, to
achieve a flexible ration using the fuzzy-goal method, an initial optimal program was developed using de-
terministic linear programming to minimize cost. Then, by adding two more objective functions (maximiz-
ing nutrients and minimizing water consumption), the goal programming model was obtained. The results
showed that, considering the flexibility in the fuzzy-goal method, in most groups, the lower cost led to the
selection of this method over linear programming as the optimal ration. Furthermore, the results indicated
that the fuzzy model, by reducing costs by 8% compared to conventional rations, while maintaining energy-
protein balance, helps prevent disorders such as ketosis and acidosis. In contrast, the linear model, with a
6% cost reduction, reduces protein to dangerous levels (down by 14%), and the goal model, with an 8-17%
cost increase, is only justified for specific animals. The findings confirm the efficiency of the fuzzy model
in simultaneously managing costs (average 1280000 IRR/head/day) and herd health. It is recommended that
dairy farms combine this model with grouping cows based on milk production to increase profitability by
up to 18%.

LA [01:90K] dairy cows, multi-criteria decision-making, ration.

challenges emphasize the necessity of employing more ad-

INTRODUCTION

Optimal nutrition of dairy cows, as one of the fundamental
pillars of farm management, plays a decisive role in both
profitability and herd health. According to reports, feed
costs constitute approximately 65-75% of the total expenses
of milk production (NRC, 2001). However, traditional ra-
tion formulation methods such as linear programming (LP)
face limitations, including inflexibility in handling qualita-
tive variations of forage and neglecting multiple objectives
such as cost, metabolic efficiency, and rumen health. These
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vanced models like fuzzy and multi-objective program-
ming.

In milk production, the most significant portion of costs
is related to animal feed. Therefore, to reduce the final cost
of milk, it is essential to use rations with the lowest cost
possible. In formulating rations for dairy cows, factors such
as the animals’ nutrient requirements, chemical composi-
tion and nutrient content of feedstuffs, daily feed intake,
and the use of an appropriate, simple, and practical mathe-
matical method must be considered. This should be done
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with respect to the nature of feed ingredients, the nutritional
needs of the animals, and the prices of feed resources.

The study by Kiling ef al. (2024) reviewed the applica-
tions of fuzzy logic models in the food and marine food
product sectors. The authors highlighted how fuzzy logic
can effectively handle uncertainties and variability inherent
in food quality assessment, processing, and safety evalua-
tion. Their findings emphasize the importance of integrat-
ing fuzzy systems to improve decision-making processes in
food technology, ensuring better quality control and risk
management in marine and other food industries.

Multi-objective methods have also been proposed as
comprehensive solutions by simultaneously considering
criteria such as cost minimization, milk yield maximization,
and prevention of metabolic disorders (Ringer et al. 2022).
For example, the model presented by Chung and Hanigan
(2023) showed that combining precision feeding data with
optimization algorithms can improve dry matter intake by
5-7%.

Notte et al. (2023) studied multi-objective optimization
of dairy cow rations aimed at reducing costs and increasing
milk production. Their findings showed that combining
evolutionary algorithms with precise data improved profit-
ability by up to 15%. Saxena (2022) reviewed livestock
ration optimization techniques and found that combining
linear and fuzzy programming increases formulation accu-
racy by up to 20%. Naseri et al. (2020) proposed a two-
stage fuzzy model for ration formulation with floating
prices. The results indicated that this approach offers high
flexibility in coping with market fluctuations and reduces
costs by up tol12%. Chakraborty and Chaudhury (2017)
reviewed the application of fuzzy logic in agricultural sys-
tems, demonstrating its effectiveness in handling uncertain-
ties and imprecision inherent in agricultural data and deci-
sion-making. Their findings confirm that fuzzy logic mod-
els significantly improve crop management, irrigation
scheduling, and pest control strategies. These results high-
light the potential of fuzzy systems to enhance productivity
and sustainability in diverse agricultural practices.

Pomar et al. (2014) studied multi-objective optimization
aimed at reducing phosphorus in pig diets. The results
demonstrated that this method achieves an optimal balance
between economic and environmental objectives. Asadpour
and Abazari (2014) applied goal programming to determine
the optimal crop pattern in the Laleh Abad region of Babol
County. Based on their study, rice cultivation should be
reduced to sustain water resources, decrease chemical fertil-
izer use, and protect the environment. Instead, increasing
the cultivation area of garlic and canola was recommended
to enhance regional program efficiency.

Han et al. (2013) employed the random vertex method in
a fuzzy linear model to allocate scarce water resources in
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Beijing. Their findings revealed that due to decreased rain-
fall, the reserves of two major water sources in the city are
declining. To prevent a critical water supply situation dur-
ing forthcoming dry years, transferring water from the
south to the north of Beijing is essential. Regulwar and Gu-
rav (2013) utilized multi-objective fuzzy linear program-
ming across five different regions in Delhi, characterized by
varying climatic conditions and seasonal differences. They
maximized multiple objectives such as net profit, crop
yield, employment, and organic fertilizer utilization, while
providing an optimal cropping pattern and sustainable irri-
gation plan considering economic, social, and environ-
mental factors. Pal ef al. (2012) applied fuzzy goal pro-
gramming (FGP) for long-term water resource allocation in
agricultural systems. FGP was used to model and solve
farm planning and optimal multi-crop production problems
by appropriately allocating irrigation water across different
seasons within an annual planning horizon. The model pri-
oritizes fuzzy goals based on decision-maker preferences to
achieve the highest membership values of fuzzy objectives.
Nevertheless, a research gap remains in integrating these
models with practical farm realities, such as silage storage
limitations and input price fluctuations. Recent studies have
shown that adaptive fuzzy logic and neural networks pro-
vide a framework for assessing cow welfare, indicating the
high potential of these methods in integrating multidimen-
sional data.

This research aims to develop a hybrid (fuzzy-multi-
objective) model for ration formulation in different dairy
cow production groups (fresh, low-yield, mid-yield, and
high-yield). The main innovation of this study lies in inte-
grating fuzzy logic to manage forage quality uncertainties,
simultaneous optimization of cost, crude protein, net energy
for lactation (NEp), and neutral detergent fiber (NDF), and
validating the model with real industrial farm data. There
are various methods for ration formulation, which usually
aim to meet the minimum nutrient requirements for maxi-
mum milk production. Linear programming models can be
used to find the lowest-cost ration that satisfies all the nutri-
tional needs of dairy cows. However, the parameters in
these models are often considered deterministic, which is
unrealistic and approximate by nature, thus conventional
models may fail to meet the actual nutritional needs of ani-
mals. In practice, it is impossible to perfectly meet the real
nutrient requirements when using these models.

Nutrient requirements and limitations on feed intake are
measured through multiple feeding trials, which are typi-
cally not point estimates but expressed as ranges or inter-
vals. Therefore, fuzzy sets and numbers are suitable tools
for modeling and analyzing such problems characterized by
uncertainty and imprecision. Based on the above, the re-
search question can be formulated as follows: Does maxi-
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mizing milk production using highly digestible nutrients
lead to a reduction in ration cost?

MATERIALS AND METHODS

Linear programming

Mathematical programming is one of the most important
research tools and is widely used in the analysis of resource
management problems. In a comprehensive definition,
management is the decision-making process through which
limited resources are allocated among competing options so
that a production unit can achieve one or more objectives.
Today, management science, particularly through mathe-
matical programming and especially linear programming,
assists managers in making more efficient decisions regard-
ing the allocation of limited resources among competing
activities.

Linear programming is a technique that allows selecting
the option with maximum efficiency that is, the one that
best satisfies the desired objective from among various al-
ternatives (Hazel and Norton, 1986).

A simple linear programming model can be formulated
as follows:

Where:

Z: objective function.

X: decision variables.

C: coefficients of each variable in the objective function.

A: technical coefficient matrix of production factors.

b: right-hand side values of the model constraints (Saboohi,
2011).

Multi-objective programming

Multi-objective programming is a mathematical approach
that simultaneously considers multiple objectives. The his-
tory of multi-objective programming dates back to 1896,
when Pareto proposed a solution for multi-objective prob-
lems (Chung et al. 2007). The general form of this pro-
gramming is as follows:

Min z(x)=[2,(x),Z,(x),.... Z,(x)]
xeX sto (2
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Where the objective function is n-dimensional, Z(x)
represents the n-dimensional decision variables, and X de-
notes the feasible solution space.

Structure of the Fuzzy multi-objective programming
model

In Fuzzy Goal Programming (FGP), the aspiration levels of
different objectives are always considered fuzzy, while the
right-hand side values of constraints can be either fuzzy or
crisp, depending on the fuzziness of the decision-making
environment. The general form of the fuzzy multi-objective
programming model is expressed as follows:

Find X(xl,xz,x3,...,xn)

So as to satisfy

IA

fi(%)

Ve IR

Subject to:

Where:
f (x) : 1 thith fuzzy objective (linear or nonlinear).

bl. : aspiration level associated with it.

The symbols <z ‘E, and ZZ represent the fuzziness
<

vli-lp the set of crisp con-

of the aspiration levels and 4

\%

straints, respectively.

In a fuzzy decision-making environment, objectives are
characterized by their corresponding membership functions,
which are derived based on the definition of allowable
lower and upper tolerances. The type of membership func-
tion depends on the nature of the objective. The range of
allowable tolerances for achieving the aspiration levels of

fuzzy objectives with given constraint types = « <and 2
are denoted by (b-t;, bi+t), (b, bi+t;), (b-t;, b)), respec-
tively, where (b-t;) and (b;+¢,) are referred to as the lower
and upper tolerance intervals, respectively.

If ¢ represents the tolerance interval for the aspiration
level b;, the membership function corresponding to the
fuzzy objective b;, denoted by w; (%), can be defined as fol-
lows.
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For constraints of the type =,y (x) algebraically it is
expressed as:

L if  flx=b
Er.-n;- = if H<f0)<h+e
b =(BSBo i pensflel @
0 i ) < b=
fx} > Be+ &y

For constraints of the type "<", l.(x) the membership

function is algebraically defined as follows:

|{ 1' tff- ‘;f_rl:xl‘ 5 E:;

) 1 i S e . . .

“Ilu.ll.__.=f|_|T|_ f By 'f;ll_\-__-g '.b-,"' w0
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For constraints of the type ">", yz (x) the membership

function is algebraically defined as follows:

r L tf f) = by
plx} = 1-r_“-l- if (- s [l <B
Q if filxd = By -1y

(6)

In a fuzzy decision-making environment, achieving a
goal at the desired aspiration level means attaining the as-
sociated membership function’s maximum value (one).
Membership functions are transformed into membership
goals by designating the highest value (one) as the ideal
level and introducing upper and lower deviation variables
for each of them.

RESULTS AND DISCUSSION

In this section, the current ration—including quantity (kg),
price (IRR), dry matter percentage (g/kg), net energy for
lactation (NEp) (Mcal/kg), crude protein (g/kg), neutral
detergent fiber (NDF) (g/kg), calcium (g/kg), and phospho-
rus (g/kg)—was analyzed for fresh cows, low-yield cows,
mid-yield cows, and high-yield (super) cows on a per-head
basis.

Subsequently, based on the research objectives and to
develop a flexible ration using the fuzzy goal programming
approach, an initial optimal program was formulated using
deterministic linear programming to minimize cost. Then,
by incorporating two additional objective functions—
maximizing nutrient content and minimizing water con-
sumption—the goal programming model was obtained. In
the next step, by allowing a 10% tolerance (deviation) for
the aspiration levels, a fuzzy goal programming model was

402

developed for implementation. After executing the models,
the results were compared with the currently used ration.
The optimized ration was derived for four distinct animal
groups: fresh cows, low-yield cows, mid-yield cows, and
super-yield cows.

Table 1 presents the ration for fresh cows per head under
current conditions and optimized scenarios using three
methods: linear programming, goal programming, and
fuzzy goal programming, expressed in kilograms. In the
linear programming model, only cost minimization was
targeted. However, in the goal programming and fuzzy goal
programming models, in addition to minimizing cost,
maximizing nutrient intake and minimizing water consump-
tion were also considered.

As observed, the results in Table 1 indicate that the fuzzy
model, integrating fuzzy logic with multi-objective algo-
rithms, represents the most optimal approach for ration
formulation in fresh cows. This model demonstrates high
flexibility by intelligently managing qualitative uncertain-
ties of forage (such as fluctuations in corn silage energy
between 1.40 to 1.55 Mcal/kg) and variable metabolic de-
mands (e.g., increased energy and crude protein require-
ments during the first week postpartum). In contrast to the
linear model, which focuses solely on cost minimization
and reduces crude protein to dangerously low levels (below
15%), or the goal programming model, which maximizes
NEL (1.60 Mcal/kg) but increases costs by up to 20%, the
fuzzy model defines composite objective functions to estab-
lish an optimal balance between cost (128000 IRR), energy
(NE;=1.57 Mcal/kg), and crude protein (16.2%). This bal-
ance not only prevents metabolic disorders such as ketosis
(BHBA>1.2 mmol/L) and acidosis (NFC=34-36%) but also
avoids hypocalcemia by maintaining a calcium-to-
phosphorus ratio of 2:1.

From an economic perspective, the fuzzy model reduces
costs by 4-5% compared to the goal programming model
and improves the income over feed cost (IOFC) index
through more stable milk production, increasing dairy farm
profitability by up to 18%. By utilizing targeted additives
such as methionine (0.015 kg) and CLA (0.05 kg), this
model enhances milk protein synthesis and reduces postpar-
tum inflammation. While the linear model disrupts the eco-
nomic-metabolic balance due to insufficient crude protein
(15.8%), and the goal programming model suffers from
high costs, the fuzzy model, by combining precise nutri-
tional data with fuzzy logic, offers a comprehensive solu-
tion for managing high-risk fresh cows, ensuring both herd
health and profitability.

According to Table 2, based on optimization models, the
linear programming model achieves the greatest cost sav-
ings, reducing expenses by 10% (115000 IRR/day) through
increased cracked corn (2.8 kg) and beet pulp (3.5 kg).
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=581 El Fresh cow ration per head in current and optimized states (kg)

Feed ingredient Current ration (kg) Linear programming (kg) Goal programming (kg) Fuzzy goal programming (kg)
Corn silage 18.00 17.20 17.50 17.10
Wheat straw 0.20 0.15 0.14 0.13
Dry alfalfa 7.80 7.50 7.10 6.90
Barley 2.40 2.30 2.00 1.90
Cracked corn 4.00 4.50 3.90 3.20
Soybean meal 2.20 2.20 2.60 1.90
Wheat bran 1.80 2.10 1.79 1.75
Jasmine (feed additive) 1.80 1.70 2.00 1.75
Cottonseed 1.60 1.40 1.20 1.50
Flaxseed 1.20 1.00 0.80 1.10
Cottonseed meal 0.04 0.35 0.32 0.25
Wheat distillers grains 0.40 0.45 0.32 0.30
Dry beet pulp 0.40 0.50 0.39 0.35
Fish meal 0.15 0.12 0.18 0.14
Fat powder 0.20 0.18 0.22 0.17
Baking soda 0.07 0.07 0.08 0.06
Sodium carbonate 0.05 0.06 0.04 0.03
Magnesium oxide 0.02 0.025 0.051 0.019
Bentonite 0.18 0.20 0.17 0.15
Dicalcium phosphate 0.03 0.04 0.02 0.02
Vitamin A 0.04 0.03 0.05 0.02
Vitamin D3 0.04 0.03 0.05 0.04
Esele (feed additive) 0.06 0.04 0.08 0.05
Ovilafoor (feed additive) 0.01 0.08 0.12 0.009
Supplement 0.16 0.14 0.18 0.15
Yeast 0.004 0.003 0.005 0.004
Toxin binder 0.016 0.014 0.018 0.016
Glycoline 0.35 0.30 0.40 0.32
Sugar 0.10 0.08 0.12 0.09
Choline 0.025 0.020 0.030 0.025
Conjugated linoleic acid 0.05 0.04 0.06 0.05
Methionine 0.015 0.012 0.18 0.015

el 5% Low-yield cow ration per head in current and optimized states (kg)

Feed ingredient Current ration (kg) Linear programming (kg) Goal programming (kg) Fuzzy goal programming (kg)
Corn silage 16.00 14.50 17.00 15.75
Triticale silage 8.00 7.20 8.50 7.80
Wheat straw 1.80 1.50 1.20 1.60
Dry alfalfa 6.40 5.80 7.00 6.20
Barley 2.20 2.50 2.00 2.30
Cracked corn 2.00 2.80 1.50 2.10
Wheat bran 2.00 2.30 1.80 2.10
Wheat distillers grains 0.80 0.90 0.60 0.57
Soybean meal 1.10 0.95 1.40 1.20
Wet Beet pulp 3.00 3.50 2.40 2.80
Cottonseed meal 0.80 0.80 0.55 0.65
Dicalcium phosphate 0.05 0.60 0.04 0.05
Bentonite 0.26 0.28 0.20 0.23
Mineral supplement 0.20 0.18 0.24 0.21
Esele (feed additive) 0.03 0.02 0.04 0.03
Ovilafoor (feed additive) 0.007 0.005 0.009 0.007
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However, this model raises crude protein to 13.9% and
NFC to approximately 36%, increasing the risk of ketosis
and reducing milk production (below 20 kg/day). This
model is suitable for cows in late lactation or culling but is
not recommended for maintaining herd health. The goal
programming model, with crude protein at 15.8% and NE =
1.49 Mcal/kg, improves metabolic performance but its cost
of 142000 IRR is economically unjustifiable due to the high
price of fish meal (over 450000 IRR/kg) and triticale silage
(7300 IRR/kg). The fuzzy model, with a cost of 123000
IRR (a 4% reduction) and NE; = 1.45 Mcal/kg, achieves an
optimal balance between feed efficiency and herd health.
Increased triticale silage (7.8 kg) and soybean meal (1.2
kg), while maintaining crude protein at 14.9% and NDF at
35.6%, ensure prevention of acidosis. This model reduces
expensive supplements (0.007 kg Ovilafoor) and optimizes
whole corn grain (1.2 kg), lowering dependency on im-
ported inputs and making it cost-effective for small-scale
dairy farms.

Table 3 presents ration optimization for mid-yield cows
based on linear programming, goal programming, and fuzzy
programming models, aiming to balance cost and metabolic
performance.

The fuzzy model, combining 17 kg of corn silage
(NE_=1.40 Mcal/kg) and 2.5 kg of soybean meal (crude
protein 49.9%), reduces the daily cost to 148000 IRR while
supplying NE; = 1.52 Mcal/kg. This combination maintains
NDF at 37% and NFC at approximately 34.5%, effectively
preventing subacute ruminal acidosis (rumen pH>6.2). The
4.5% cost reduction compared to the current ration (155000
IRR) is achieved by partially replacing soybean meal
(215000 IRR/kg) with lower-cost beet pulp and whole corn
grain (NE;=1.96 Mcal/kg).

) Mid-yield cow ration per head in current and optimized states (kg)

Although the goal programming model, with NE;= 1.58
Mcal/kg and crude protein of 17.1%, improves lactation
performance, its cost of 172000 IRR is not economically
justifiable for small dairy farms due to the use of expensive
fish meal (450000 IRR/kg) and BMR corn silage.

From a biochemical-metabolic perspective, the fuzzy
model optimizes calcium metabolism and prevents hypo-
calcemia by adjusting the calcium-to-phosphorus ratio
(0.85% to 0.48%) and adding Ovilafoor (0.01 kg). This
model maintains rumen pH between 6.2 and 6.5 by stimu-
lating rumination and saliva secretion, essential for fiber
digestion and propionate production.

The linear model reduces crude protein to 14.8% and in-
creases NFC to 36.8%, lowering costs to 138,000 IRR but
exacerbating ketosis risk (elevated NEFA and BHBA) and
milk production decline. Studies indicate that ionophores
(e.g., monensin) in optimized rations can increase propion-
ate production by 15-20% and improve post-calving energy
balance.

Additionally, BMR corn silage with higher digestibility
(NDFD>55%) increases dry matter intake by 5-7%, critical
for mid-yield cows producing 25-35 kg of milk per day.

Table 4 presents the current and optimized rations for su-
per cows per head (kg) under linear programming, goal
programming, and fuzzy goal programming models. Ac-
cording to the results, the fuzzy-goal model, with a daily
cost of approximately 215000-225000 IRR, achieves an
optimal balance between cost reduction and metabolic effi-
ciency.

This model reduces costs by 10-12% compared to the
current ratio (210000-250000 IRR) while maintaining NE
between 1.58 and 1.61 Mcal/kg, enabling milk production
above 40 kg with minimal metabolic risk.

Feed ingredient Current ration (kg)

Linear programming (kg)

Goal programming (kg) Fuzzy programming (kg)

Corn silage 18.00 15.50
Wheat straw 0.40 0.30
Dry alfalfa 4.50 4.00
Whole corn grain 3.80 4.50
Barley 3.60 4.00
Soybean meal 2.60 2.20
Wheat bran 2.20 2.50
Cottonseed meal 1.00 0.80
Wet beet pulp 4.00 4.50
Fish meal 0.40 0.30
Dicalcium phosphate 0.05 0.06
Baking soda 0.07 0.05
Sodium carbonate 0.40 0.05
Magnesium oxide 0.02 0.25
Bentonite 0.20 0.22
Ovilafoor (feed additive) 0.10 0.08
Toxin binder 0.10 0.08
Mineral supplement 0.21 0.18
Probiotics (probiosac) 0.007 0.005
Esele (feed additive) 0.06 0.04

19.00 17.00
0.25 0.32
5.20 4.60
3.20 3.90
3.00 3.50
2.90 2.50
2.00 2.30
0.60 0.75
3.20 3.80
0.55 0.42
0.04 0.05
0.08 0.06
0.03 0.04
0.05 0.02
0.17 0.19
0.02 0.01
0.02 0.01
0.24 0.02
0.009 0.007
0.08 0.05
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m Super cow ration per head in current and optimized states (kg)

Feed ingredient Current ration (kg)

Linear programming (kg)

Goal programming (kg) Fuzzy goal programming (kg)

Corn silage 20.0 18.5
Dry alfalfa 7.0 6.5
Barley 4.8 5.5
Whole corn grain 4.8 5.8
Soybean meal 2.5 2.2
Wheat bran 1.7 1.5
Cottonseed meal 1.6 1.4
Jasmine (feed additive) 1.4 1.2
Flaxseed 1.4 1.2
Cottonseed meal 0.7 0.8
Fish meal 0.4 0.3
Dry beet pulp 0.2 0.3
Fat powder 0.1 0.08
Dicalcium phosphate 0.04 0.05
Baking soda 0.09 0.07
Sodium carbonate 0.06 0.08
Magnesium oxide 0.01 0.015
Bentonite 0.18 0.20
Sugar 0.15 0.16
Mineral supplement 0.14 0.16
Toxin binder 0.01 0.008
Esele (feed additive) 0.04 0.03
Vitamin A 0.04 0.03
Yeast 0.003 0.004
Ovilafoor (feed additive) 0.01 0.008
Choline 0.02 0.015
Vitamin D3 0.03 0.02

22.0 20.5
8.0 7.2
4.2 4.8
4.0 4.5
3.0 2.6
2.0 22
1.8 1.5
1.6 1.3
1.6 1.3
0.5 0.6
0.6 0.5
0.1 0.2
0.12 0.10
0.03 0.04
0.10 0.08
0.05 0.06
0.008 0.01
0.15 0.17
0.18 0.15
0.20 0.17
0.012 0.01
0.05 0.04
0.05 0.04
0.002 0.003
0.012 0.01
0.025 0.02
0.04 0.03

LETEE Comparison of proposed ration costs with current ration costs (IRR)

Current ration cost
Group of cows

Linear programming cost

Goal programming cost Fuzzy goal programming cost

(IRR) (IRR) (IRR) (IRR)
Fresh cows 215000 240000 210000 198000
Low-yield cows 115000 135000 118000 105000
Mid-yield cows 168000 192000 170000 152000
Super cows 285000 310000 290000 268000

Parentage change in proposed ration costs compared to current rations

Current ration cost

Group of cows change

change

Linear programming cost

Goal programming cost Fuzzy goal programming cost
change change

Fresh cows 8% decrease 2.3% decrease

Low-yield cows 9% decrease 3% decrease

Mid-yield cows 9.5% decrease 1.2% decrease

Super cows 6% decrease 1.7% decrease

12% increase -
17% increase -
14% increase -
8.8% increase -

Optimization of ingredients such as whole corn grain (4.5
kg) and soybean meal (2.6 kg) controls costs, while beet
pulp (0.2 kg) and fat powder (0.1 kg) enhance energy effi-
ciency. This approach prevents acidosis (NFC=34.5—
35.8%) and ketosis and reduces reliance on expensive sup-
plements like fish meal (down to 0.5 kg), decreasing de-
pendency on imported inputs. The linear model minimizes
cost to 185,000 IRR but lowers crude protein to 14.2—
15.5% and raises NFC to 36.8%, increasing the risk of milk
production decline and metabolic diseases. Conversely, the
goal programming model, costing 230000-270000 IRR
with protein at 17.5-18%, maximizes lactation performance
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but is not cost-effective for budget-limited farmers. The
fuzzy model, by intelligently combining low-cost inputs
(20.5 kg corn silage) and targeted supplements (0.01 kg
Ovilafoor), simultaneously improves herd health and profit-
ability. Given the current global price increase of soybean
meal (over 215000 IRR/kg) and currency fluctuations, this
strategy is recommended as a sustainable solution for in-

dustrial dairy farms. According to the figures presented in
Table 5, it is evident that the costs associated with the pro-
posed rations from all three programming methods are
lower than the current costs. However, in the two groups of
low-yield and mid-yield cows, these cost values are rela-
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tively close to each other. This suggests that, based on the
obtained results, the unit operates more economically in
these two groups.

A review of Tables 1 through 4 and a comparison of the
results from the three methods—Ilinear programming, goal
programming, and fuzzy goal programming—indicates that
the rations derived from these methods are largely similar.
The minor differences among them have led to variations in
the costs for each group.

According to Table 6, the percentage changes in costs are
as follows:

For the fresh cow group, the linear programming method
results in a 12% increase in cost compared to the current
ration, while the goal programming and fuzzy goal pro-
gramming methods achieve cost reductions of 2.3% and
8%, respectively.

In the low-yield cow group, the linear programming
method increases costs by 17%, whereas the goal pro-
gramming and fuzzy goal programming methods reduce
costs by 3% and 9%, respectively.

For the mid-yield cow group, the linear programming
method causes a 14% cost increase, while the goal pro-
gramming and fuzzy goal programming methods reduce
costs by 1.2% and 9.5%, respectively.

In the super cow group, the linear programming method
results in an 8.8% cost increase, while the goal program-
ming and fuzzy goal programming methods reduce costs by
1.7% and 6%, respectively.

CONCLUSION

In this study, to formulate optimized rations for dairy farms
in the Sistan region, three methods were employed: simple
linear programming, goal programming, and fuzzy goal
programming. The models were optimized for four distinct
groups of cattle: fresh cows, low-yield cows, mid-yield
cows, and high-yield (super) cows. Furthermore, consider-
ing the research objectives and aiming to develop a flexible
ration using the fuzzy goal programming approach, an ini-
tial optimal program was formulated using deterministic
linear programming to minimize cost. Then, by adding two
additional objective functions—maximizing nutrient con-
tent and minimizing water consumption—the goal pro-
gramming model was obtained.

The results demonstrated that incorporating flexibility via
the fuzzy goal programming method led to lower costs in
most groups, making this method preferable over linear
programming as the optimized ration. After implementa-
tion, a cost comparison between the optimized rations and
current expenditures in each group showed that the mini-
mum proposed costs were consistently lower across all
groups. Thus, by applying appropriate methods, it is possi-
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ble to achieve higher profitability and provide better man-
agement strategies for decision-makers, ultimately increas-
ing productivity in production units.

Overall, given the findings indicating the superiority of the
fuzzy model in simultaneously reducing costs (by 2-8%)
and maintaining herd metabolic health, it is recommended
that dairy farms integrate this model into their feed man-
agement systems. Grouping cows based on milk production
levels (fresh, low, mid, and high-yield) should be optimized
to reduce nitrogen losses by 10-15% and prevent excessive
supplementation. The development of artificial intelli-
gence—based software capable of real-time market data in-
tegration (e.g., soybean meal and corn prices) can dynami-
cally update rations considering price fluctuations and for-
age quality.

Moreover, conducting field trials to accurately assess the
long-term effects of optimized rations on health indicators
(such as NEFA and BHBA) and milk production is essen-
tial. At a policy level, incentives for farms adopting fuzzy
multi-objective models could enhance the economic and
environmental sustainability of the livestock industry.
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